In the traditional situation, all transportation companies had their own clients and their own set of transportation orders. In a situation with order sharing, transportation companies mutually share their data on transportation orders. This enables a much better allocation of orders to the transportation companies than in the traditional situation. In this paper we discuss the economic and other consequences of order sharing. The conclusions in this paper are based on both a real-life case and a simulation study. The simulation study shows that due to order sharing transportation costs may decrease by 5 to 15 percent, and sometimes even more.
Introduction
In the Dutch road transport sector, empty hauling makes up 40 % of total truck-km (OECD/ECMT/IEA, 1999). Furthermore, Eurostat (2001) reports that the ratio of the number of tonne-km and the number of truck-km dropped by 18 % between 1980 and 1995 1 . This efficiency drop might be one of the reasons for the marginal profit margins that the transport sector reports.
The sector is on a continuous search for opportunities to improve performance. This paper covers one possible way of performance improvement: order sharing. With order sharing, transportation * The authors are very grateful to Wout Dullaert and Martine Cools for their helpful comments and suggestions. 1 Unfortunately no exact data on load factors in the Netherlands are available (CBS, 2004) .
2 companies mutually share order data for simultaneous planning, such that in the long run total market demand for transportation capacity matches better with supply.
In this paper we discuss the cost and other advantages of strategic alliances between road transportation companies through order sharing. Our main focus will be on the operational cost advantages. Moreover, we pay attention to the potential disadvantages of order sharing. The paper is further organized as follows. Section 2 provides a brief literature review. Section 3 presents a case study on order sharing between transportation companies that transport flowers to the Dutch flower auctions. In Section 4 we compare the transportation costs in a system without order sharing to the transportation costs in a system with order sharing by means of a simulation study.
Also, we present in section 5 a sensitivity analysis to indicate the main drivers behind the cost difference between the two systems. The financial, organizational and other variables that play a role in order sharing are discussed in section 6. Finally, we conclude in section 7.
Literature
As opposed to maritime shipping and air transportation, in which area the concept of alliances between competing companies is quite common, the road transportation sector has not yet adopted horizontal cooperation on a large scale (Vos et al., 2003) . However, in recent years a number of order sharing initiatives between logistic service providers have been launched in Western Europe. We refer to Dullaert et al. (2004) for an overview of such initiatives. Their report also discusses the results of a questionnaire on horizontal cooperation that was sent to 1500 logistic service providers in Belgium, 1129 of which are road transportation companies. The most important conclusion that the authors draw from the questionnaire is, that Belgian logistic service providers indeed believe in the potential of horizontal collaboration to increase the productivity of their core activities. 81 % of the respondents agree with this proposition. The most important barriers to horizontal cooperation that they identified were:
-Difficulties in finding a trusted party to lead the cooperation (75 %) Besides the case study, Vos et al. provide a typology based on the objectives of the cooperation.
They identified the following types of synergy:
-Operational synergy -limited cooperation to better utilise existing resources, e.g. order sharing to remove occasional inefficiencies due to empty return trips.
-Coordination synergy -cooperation of average intensity that tunes the needs of the logistic parties while keeping the existing network structure intact, e.g. a centralized planning system to optimise load factors of partners.
-Network synergy -long-term cooperation that incorporates changes in the network structure and joint investments, e.g. a joint distribution centre to decrease both inventory costs and the costs of consolidating orders.
Perhaps because horizontal cooperation in road transportation is new, the scientific research carried out on this topic is rather limited. Erdmann (1999) provides a discussion of the potential of consolidating shipments belonging to different shippers or transportation companies. This work includes the results of a simulation study for a number of scenario's (order-sets). The average savings in kilometres due to consolidation equal 10.71 %. However, no sensitivity analysis on these results in provided. Bahrami (2003) focuses on the cooperation between producers of consumer goods. Here, synergy in the transportation of goods of cooperating producers is enforced by means of load consolidation. It is assumed that every producer has a distribution chain as depicted in Figure 1 . We compared two cases. In case one, two transportation companies that operate for the Naaldwijk auction each deliver the transportation orders of their own clients only. In case two, the 6 transportation orders of both companies are combined and simultaneously assigned to routes. We then calculate the cost difference between these two cases. The results of the cost comparison can be found in Table 1 . Due to the increased economies of scale, more efficient routes can be constructed. This leads to both a smaller number of trucks needed and a reduction in kilometres driven. The results show that order sharing and joint route planning led to a decrease of 7.3 % in both the number of trucks needed and total cost. However, there is much variation in the savings. In section 5 we discuss the influence of a number of important problem characteristics on the savings in cases with order sharing.
4 Simulation study
In the simulation study we consider a transportation system with multiple clients and multiple transportation companies. The clients place transportation orders for goods that are to be shipped from a single distribution centre to the client locations. It is assumed that no pick-ups take place,
i.e. all orders are deliveries. The transportation companies own the trucks and the employees to carry out the orders. Further characteristics of the datasets that we generate for the simulation study are described in Table 2 .
Purpose of the simulation study is, to compare the cost of a traditional transportation system without order sharing to the cost in a system with order sharing.
In the system without order sharing, each client is assigned to a single transportation company.
This is implemented by successively assigning the randomly generated orders to the transportation companies, until a pre-set market share has been reached. In the system with order sharing, total system costs are minimised by constructing a joint route planning for the transportation orders of all companies. Side constraint for both systems is, that no orders may be left unplanned.
For the system without order sharing, we solve a Vehicle Routing Problem (VRP) for each transportation company to plan all orders that were assigned to this company. This is done with the RitOpt heuristic (Fleuren and Janse, 1993) , which is the backbone of the route planning software RitPlan that is widely used by Dutch road transportation companies. For the system with order sharing, we apply the same heuristic to the complete set of client orders.
Base case
We develop a base case scenario with the variables set as displayed in Tables 2 and 4 . For an explanation of the value of the clusteredness of demand points, we refer to the appendix. This base case serves as a starting point for the sensitivity analysis in Section 5. The results of the simulation are shown in Table 3 and Figure 3 . They are based on 50 simulation runs. It turns out that on average in the base case order sharing results in a 12.3 % cost reduction, when compared to the traditional situation. This is a result of better coordination between demand and supply. Because of the larger customer base, routes can be constructed such that truck space is used more efficiently. Consequently the number of used trucks and the fixed cost of performing the transportation orders decrease. Also, order sharing results in a shorter total distance driven (11.9 %). Since variable cost is calculated per kilometre, these costs decrease at the same rate. Table 3 . Results of the routings
Item

Sub item Definitions and assumptions
Components
The distribution network consists of multiple nodes, each node representing a single client location (i.e. the location where the client order must be delivered). Furthermore, there is one node for the distribution centre. At the distribution centre, the client orders are picked up. A set of arcs represents the road network. There is an arc between each pair of nodes. Size of the network All network components (clients, distribution centre, and roads) are in the 100 x 100-plane 
Clients
Degree of clusteredness The clusteredness of the client locations is high if many of the client locations are at short distance of each other. When client locations are scattered randomly across the entire plane, the clusteredness is low. For a detailed explanation of the mechanism that is used to generate datasets with different degrees of clusteredness, we refer to the appendix. #Orders per client Each client places exactly one transportation order. Orders
Order size distribution
We assume the order size to be uniformly distributed on 
Sensitivity analysis
In our specific base case situation, order sharing turns out to be beneficial. However, we found in the case study that a lot of variability exists in the obtained savings. The variability is a consequence of different system characteristics. In this section we investigate the effect on the savings of the most important system characteristics: For this purpose, we vary one variable at a time and fix the four others at their base case value. In the following subsections the cost savings resulting from order sharing are one at a time plotted against the characteristics listed in Table 5 . Each data point in the plots corresponds to the average result of 50 simulation runs. Figure 5 shows that the cost benefits from order sharing decrease when the average size of the transportation orders increases. When the size is big, a large part of the total order set consists of orders that (nearly) fill a truck. Since we are considering a pure distribution setting, it is often not possible to combine orders in a single route. As a result: we cannot accomplish any savings in kilometres driven for these large orders by means of order sharing. From an average order size of greater than 60 % of the truck capacity on, orders cannot be combined. In this case, the savings from order sharing are limited to a possible decrease in fixed costs, from using fewer trucks. On the other hand, when the average order size is very small, benefits from order sharing are large. In this case, orders from a larger set can easily be combined into routes such that both total route length is shorter and fewer trucks are used. 
Number of orders
Average order size
Market share distribution
In this section we discuss the influence of the market share distribution on system-wide savings.
To this end, we set up 17 scenario's in which we increase the market share of one "leading" transportation company, while we equally spread the remaining market share over the two other carriers (see Table 6 ). Already without order sharing, the expansion of the "leading" company's market share results in an increasing number of orders that can be combined into efficient routes at the "leading" carrier. This decreases the potential benefits from order sharing between the three companies. On the other hand, as can be seen in Figure 8 , order sharing removes the strong inefficiency at the smaller companies. 
Impact of order sharing
We showed in section 4 that for the base case, about 12 % could be saved on transportation costs.
This suggests that order sharing is advantageous from an efficiency point of view. However, order sharing has other impacts as well. In this section, without the intention to be exhaustive, we mention some other consequences of order sharing from (i) the clients' perspective, (ii) the transportation companies' perspective and (iii) the perspective of the society. For these viewpoints we discuss both the short-term and the long-term effects.
Clients
The most important variables for customer satisfaction are: price, quality of service and reliability (Moore and Fearon, 1973) . In this section we evaluate in which way order sharing between transportation companies affects these elements.
-Price -Since the European market for road transportation is highly competitive, in the short run reductions in operational costs of the transportation companies due to order sharing and joint planning are likely to result in lower prices charged to the clients. However, in the long run bankruptcies may occur at transportation companies that are not able to remain profitable after the price reductions. As a result of the decrease in competition, transportation prices may go up again (e.g. Goodwin, 1999 ).
-Quality of service -With order sharing, better routes can be built from a larger set of transportation orders. Because of this, carriers can work more efficiently and may be able to decrease the total lead-time of a transportation order. This improves the quality of service for the clients. A drawback of order sharing for clients is, that close shipper-carrier relations may disappear.
-Reliability -More efficient route planning due to order sharing increases the average load factor of the trucks, leaving less slack. As a result, the system efficiency becomes more sensitive for disturbances, such as traffic jams or delays at the clients. Order sharing has a negative impact on the reliability of service to the clients, because the higher load factors decrease the probability that a given truck can perform an additional transportation order when it arrives. On the other hand, with order sharing clients have a pool of transportation companies at their disposal. In the short run, this would increase the reliability of service, since there are more trucks available for the transportation of an extra order.
Transportation companies
Although order sharing clearly improves the efficient use of trucks and the road network, whether or not order sharing increases the long-run profitability of transportation companies depends on the market structure. We are not aware of any publications on the consequences of order sharing for road transportation companies. However, this literature does exist for the airline industry.
Morrish and Hamilton (2002) provide a review of this literature. They conclude that order sharing initiatives in the airline industry have not restricted competition and that profitability of the airlines has not been influenced. Practical experience should learn if these findings also hold for road transportation companies.
As a consequence of the more efficient routes, less truck capacity is required. This means that in the short run some capacity of the participating transportation companies becomes redundant.
Efforts are therefore needed to find a new function for these trucks. Considering the fierce competition on the European market for road transport, in the long run a number of transportation companies may go bankrupt.
Society
Our simulation study shows that due to order sharing, the number of kilometres driven decreases.
Moreover, the number of used trucks goes down. This implies that the external costs of transport,
consisting of e.g. CO 2 -emission, deterioration of the road net, medical costs because of traffic accidents, noise pollution, and congestion (Verhoef, 1994) , decrease. On the other hand, road taxes collected by the government decline. Proost et al. (2002) argue that in Europe the ratio between taxes and external costs is such that a decrease in kilometres driven benefits total welfare.
A drawback of order sharing for society in the long run is that some drivers may become unemployed, because of the decline in the number of trucks needed to perform all transportation orders.
Conclusions and directions for further research
This paper shows that order sharing is profitable in terms of overall transport efficiency. Cost savings generally range from 5 to 15 % and are sometimes even higher. Taking into account the thin profit margins in road transportation, these cost savings are considerable. Furthermore, we claim that order sharing is especially apt for the transportation of low value goods, since transportation costs make up a relatively high percentage of the total cost price of these goods.
Our results also show that order sharing is more profitable when a large number of transportation companies participate. This insinuates an incentive for cooperation and integration in the sector.
In order to cut down costs, carriers may share orders or even merge until a level of scale is reached at which more cooperation is not worthwhile anymore. At that time, a few conglomerates of carriers are likely to remain.
The results of this paper can be used by -Carriers that are considering a merger and require an estimate of the savings in transportation costs -Governments wanting to know in which sectors order sharing should be encouraged -Third or fourth party logistics providers for identifying markets where most value can be created by better coordination of transportation flows
There are several research directions as a consequence of the results. Further research is needed to understand the impact of order sharing in more complex transportation systems. For example, an investigation of how the results will be influenced when factors such as multiple depots, time windows, periodicity or a pick up and delivery set-up are introduced in the analysis would be an important contribution. Another direction is to make a more thorough comparison between our results and the savings that result in practice. In this paper, we reported results of order sharing in the flower transportation sector, but clearly additional insights could be gained from case studies in other sectors. Another extension of this study concerns the organization of an order sharing system. Dullaert et al. state that many transportation companies hesitate to participate in a cooperation because, a) it is unclear when savings will first be realized and how large these savings will be, and b) there is not enough trust that none of the participants are privileged. Hiring an independent party to lead the cooperation may increase trust between the participants. A final direction is a study on gain sharing: since savings from order sharing can per definition only be generated when a group of companies cooperate, there is a clear need for a fair allocation mechanism of these savings among the participating companies. This mechanism may be of crucial importance for the success of an order sharing initiative.
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Appendix A: Clusteredness of client locations
The level of clusteredness is a measure of the spread of client locations over the plane. Client locations are defined to be clustered when we can partition the clients in groups such that:
-between any pair of clients in the same group, mutual distances are short, and -between any pair of clients that belong that different groups mutual distances are large.
Therefore, clusteredness is low when client locations are scattered randomly over the entire plane and high when client locations are partitioned in a small number of groups.
We construct a cluster as follows. A client location is chosen randomly on the plane. This client becomes the base client of the cluster and the cluster is placed around it (see Figure 9 ). When the cluster base client is placed at a distance smaller than R from the boundary of the plane in which clients are allowed to be located, we 'push' the cluster into the plane. In this way, we ensure that all clusters are of equal size. This is illustrated in Figure 10 . To generate client sets with various levels of clusteredness, we used the following procedure until the required number of client locations is reached:
Step 1 Randomly choose a location for the base client. Define this cluster as the current cluster and go to step 3.
Step 2 Choose the next client location randomly within the current cluster and go to step 3.
Step 3 Go to step 2 with probability p and to step 1 with probability 1 p − This process enables us to influence the level of clusteredness by means of the parameter p. When p is close to 1, clients are located in a small number of clusters. On the other hand, when p is close to 0, most of the client locations will be chosen randomly from the entire plane and clusteredness will be low. The number of clusters containing one or more client locations follows a binomial distribution with mean ( ) 
